Objective. The aim of this study was to validate the classification criteria for cryoglobulinaemic vasculitis (CV).
Introduction
Cryoglobulinaemic syndrome or cryoglobulinaemic vasculitis (CV) is a systemic vasculitis associated with positive serum cryoglobulins, i.e. immune complexes composed of RF monoclonal or polyclonal against polyclonal IgG (type II or type III cryoglobulins, respectively) or monoclonal immunoglobulin without RF activity (type I), which reversibly precipitate at a temperature <37 C [12] . CV is often linked to non-malignant B cell lymphoproliferation triggered by chronic infection by HCV [36] . Classification criteria developed with an accepted methodology were lacking, but represent a key step for clinical studies, research and epidemiological studies. Previous criteria were developed by taking into account only expert opinion and lacked any statistical support.
The first preliminary classification criteria for CV using an accepted methodology in a large, multicentre, international study have recently been published [7] . Notably, after a thorough discussion among experts, the presence of serum cryoglobulins was considered a conditio sine qua non for CV classification [7] . These criteria for CV showed sensitivity of 88.5% and specificity of 93.6%. The aim of this second study was to validate these preliminary classification criteria for CV in real cohorts of cases and controls, including some countries outside Europe.
Methods
A similar methodology as used in the first study was herein adopted [7] . A dedicated chart was developed, including the core set of items for classification already developed [7] . Briefly, three items were considered: (i) a validated questionnaire for CV [7] ; (ii) data about the pattern of organ involvement (present and past), including constitutional symptoms, articular involvement, vascular involvement and neurological involvement and (iii) laboratory tests (positive RF, reduced C4 level, presence of serum monoclonal component). Consecutive, unselected new cases and controls based on the gold standard of diagnosis by an expert clinician, and not included in the previous study [7] , were investigated and subdivided into the same three groups (A, B and C) as previously [7] .
(i) Group A: patients with CV, HCV related or unrelated, essential or associated with other disorders with type I, II, III or non-typeable circulating cryoglobulins confirmed by at least two positive tests at an interval of 512 weeks [8] .
(ii) Group B: subjects with serum cryoglobulins, but lacking CV based on the gold standard of diagnosis by an expert clinician. (iii) Group C: subjects without serum cryoglobulins (by at least two repeated tests during a follow-up of at least 1 year), but with clinical or laboratory features that can be observed in the course of CV. This group was included to try to answer the question: if a patient has some features that pose a differential diagnosis of CV, even if negative for serum cryoglobulins by initial testing, when should CV be suspected? Based on the results of the previous study [7] , the experts recommended the inclusion of this second group of controls to further support the clinical utility of the criteria, even if this was not required for validation, and so that patients with systemic vasculitis represented at least half of the subjects recruited.
A sample size of at least 140 patients for group A and 140 controls for group B was estimated in order to obtain sensitivity and specificity of at least 90% (S.D. 5) based on the results of the first study [7] . Sensitivity and specificity were calculated by comparing group A vs group B. Validation of the criteria was based on comparison of these two groups, since the positivity of serum cryoglobulins was a conditio sine qua non for classification [7] . Each centre was asked to recruit 12 patients in each group (A, B and C). The study was approved by the Independent Ethical Committee of the co-ordinating centre and then by the local ethics committees of each centre involved. Signed informed consent was obtained from all the patients enrolled in the study.
Results

Patients
Six hundred and forty-three patients were enrolled in 23 centres in Italy, France, Spain, Greece, Slovenia, Egypt and Japan. Organizational or local issues did not allow the participation of the invited American experts. Group A comprised 268 patients, group B comprised 182 controls with serum cryoglobulins and group C comprised 193 controls without serum cryoglobulins but with clinical features of CV. The composition and demographic characteristics of groups A, B and C are shown in Table 1 .
Twenty patients showed type I cryoglobulinaemia, 13 in group A and 7 in group B. In group C, 108/193 (55.9%) patients suffered from systemic vasculitides, of whom 100/108 (92.6%) had vasculitides involving the small vessels. Missing data were <10%.
Comparison of group A vs group B for validation of the classification criteria
Groups A and B were compared for criteria development and validation, since the positivity of serum cryoglobulins is a conditio sine qua non for the classification of CV [7] . The sensitivity and specificity of the questionnaire item (at least 2/3 positive answers) were 89.0% (95% CI 85.1, 92.9) and 93.4% (95% CI 89.7, 97.2), respectively; of the clinical item (at least 3/4 clinical involvements) they were 75.7% (95% CI 70.5, 80.8) and 89.0% (95% CI 84.4, 93.5), respectively; and of the laboratory item (positivity of at least 2/3 laboratory data) they were 80.2% (95% CI 75.3, 85.2) and 62.4% (95% CI 55.0, 69.7), respectively. The sensitivity and specificity of the single questions, clinical manifestations and laboratory tests included in each single item are shown in Table 2 . The final classification criteria (at least 2/3 positive items) showed 89.9% (95% CI 86.1, 93.6) sensitivity and 93.5% (95% CI 89.7, 97.2) specificity, consistent with the results of the previous study (88.5% sensitivity and 93.6% specificity) [7] . The same criteria showed sensitivity of 91.7% and specificity of 100% by comparing patients with type I cryoglobulinaemia and CV with patients with type I cryoglobulinaemia without CV.
Comparison of group A vs group C for clinical purposes
The comparison of group A with group C was done not to validate the classification criteria, but to further support the clinical relevance of the criteria for patients suspected to suffer from CV even with negative serum cryoglobulins by initial testing. These patients deserve particular attention [7] . In this setting, the sensitivity and specificity of the single items were as follows: for the questionnaire (at least 2/3 positive answers), 89.6% (95% CI 85.9, 93.2) and 56.5% (95% CI 59.1, 73. Table S1 , available at Rheumatology Online.
Overall, in this setting the classification criteria for CV showed a sensitivity of 89.9% (95% CI 86.1, 93.6), similar to the previous study, but a lower specificity of 66.1% (95% CI 59.1, 73.1) [7] . Since the issue of whether a patient has CV even if cryoglobulins are negative or not determined is of critical importance for clinical purposes (although not for classification), further investigation was done. One of the items, i.e. the laboratory item, continued to show high specificity in the present study. Therefore the possibility that this item should be positive to suggest CV, despite the lack of cryoglobulins, was further explored. With the assumption of positivity of the laboratory item (questionnaire plus laboratory item, clinical plus laboratory or positivity of all three items), the CV classification criteria showed sensitivity of 77.8% (95% CI 72.6, 83.0) and specificity of 92.6% (95% CI 88.8, 96.5) in the comparison of group A and group C.
Discussion
The present study validates preliminary classification criteria for CV (see supplementary Table S2 , available at Rheumatology Online) [7] , with very similar results observed. These criteria have been developed and validated in large and independent series of real patients and controls and are now available for epidemiological, clinical and research studies. An accepted methodology and adequate statistical methods were used for the first time, whereas the previous criteria were developed by taking into account only expert opinion [912] . Experts from different countries and from different branches of medicine [7, 13] were involved, supporting the robustness of the results. In patients with serum cryoglobulins, positivity of at least two of three items of the questionnaire is required for the classification of CV. The questionnaire, validated in the first study [7] , is herein shown to have good sensitivity and specificity. This simple questionnaire may be useful for the initial evaluation of the patient, especially by physicians without great experience in the field. Also, a validated questionnaire is helpful for epidemiological studies of CV, which have been scarce and difficult to compare. Overall, the good sensitivity and specificity of the questionnaire in a patient with serum cryoglobulins support the notion that when skin purpura is associated with HCV infection, CV is very likely. In addition, the positivity of the validated questions for purpura included in the questionnaire may disclose CV in HCV-uninfected subjects, e.g. in the course of SS [14] .
In any case, no single item (questionnaire, clinical or laboratory) included in the criteria is absolutely needed for classification [7] . This represents a major advantage in several situations: e.g. for patients with difficulty completing a questionnaire, with clinical features less common in CV or where laboratory data are uncertain for any reason [7] . Although the classification criteria have not been developed and should not be employed for diagnostic purposes, their use in clinical practice may occur, in particular, for disease recognition in the early stages [15, 16] . As previously mentioned, according to the experts [7] , positive serum cryoglobulinaemia is a conditio sine qua non for the classification of CV; therefore, patients in whom CV is suspected on clinical grounds, but where cryoglobulins are negative, cannot be classified as CV. However, there may be patients with true CV, where serum cryoglobulins may initially be negative for various reasons [7] . Investigation of the possible usefulness of the criteria in these patients was recommended by experts [7] . To this end (and therefore not for classification purposes) a separate group C of controls was included, as previously [7] . Patients in group C lacked serum cryoglobulins, although they suffered from other systemic vasculitides or other systemic diseases where signs and symptoms may support the differential diagnosis of CV. When comparing group A with group C, the classification criteria for CV maintained good sensitivity but showed a lower specificity than previously [7] . This might be explained by the composition of group C, since more patients with systemic vasculitides were included in the present study (55.9% vs 40.7%, P < 0.001), with particular regard to small vessel vasculitides (92.6% vs 57.2%, P < 0.0001). On the other hand, the laboratory item maintained high specificity for CV in this study, and for this reason the positivity of the laboratory item as a necessary factor for suspecting CV in clinical practice, despite the negativity of cryoglobulins, was further investigated. Based on this assumption, a much higher specificity (92.6%) of the criteria, with acceptable sensitivity (77.8%), was noticed in the comparison of group A vs group C. Furthermore, the laboratory item appears as a surrogate marker for the presence of cryoglobulins and is useful to help distinguish CV from other vasculitides in the absence of serum cryoglobulins. Overall, these results improve previously published data about an unmet need underscored by experts [7] and the key role of laboratory investigations to discriminate CV from other vasculitides is reinforced. Besides the wellknown importance of optimal and repeated testing of serum cryoglobulins [7] , reliable assays for the determination of RF, serum monoclonal component and C4 are of major clinical value (see supplementary Table S2 , available at Rheumatology Online). Finally, the number of patients with type I cryoglobulinaemia studied was increased in the present study with respect to the previous one [7] . The evidence reported here that CV may be correctly classified in this subset of patients is noteworthy, given its low prevalence.
In conclusion, classification criteria for CV have been validated in a new, large cohort of cases and controls from both European and non-European countries. Both in the initial study [7] and in the present one, the criteria show good sensitivity and specificity for this systemic and polymorphic disease. Besides classification, laboratory tests are crucial to support the possible diagnosis of CV, when the determination of serum cryoglobulins is negative by initial testing.
Rheumatology key messages
. Classification criteria for cryoglobulinaemic vasculitis have been validated in patients and controls. . Classification criteria for cryoglobulinaemic vasculitis have high sensitivity and specificity. . The laboratory item is required to suspect cryoglobulinaemic vasculitis if serum cryoglobulins are negative by initial testing.
